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IN THE UNITH3 STATES PATENT AND TRADEMARK OFFICE 

In r» Abdication of: Art Unit: 

Vora 

j Examiner: 

Serial ita. 08/654,780 

i 

Filed: 5/29/96 

Far VERTICALLY INTEGRATED FLASH EEPROM FOR GREATER DENSITY AND LOWER COST 

Honorable Commissioner Morgan Hill, California 

of Patent? and Trademarks j U ns 9 1998 

Washington, D C. 20231 1 

DECLARATION OF MADHUKAR moha uuft« « a7 era i | i a? 

Dear Sir: 

Being hereby warned that any false statements and the like herein are punishable by fine 
or Imprisonment (18 U.S.C. 1001) and may Jeopardize the validity of the application or any 
patent issuing thereon, the undersigned hereby declares that all statements herein are made of 
the declarants own knowledge and are true, and any statements mede on information and belief 
are believed to be true. 

I, Madhukar Vora, am the Inventor of the dalmed subject matter In the above Identified 
patent application. I was born In 1938 and have a Master of Science In Electrical Engineering 
from Worcester Polytechnic Institute in Worcester, Mas*, i was a device engineering manager 
at IBM from 1962 to 1973 where I filed and received a large number of patents on 
seirtcondijctor device structures and dreujte. From 1973 to 1987. I was Director of R&D at 
the Palo AJto Research Center of Falrohild Camera and Instrument. Inc. where I filed and 

I 
i 
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receiv d u large number of patents on semiconductor device structures and circuits. Prom 

1987 to 1j993 p I consulted for clients in the semiconductor chip design and manufacturing 

j 

industry. jln 1993, I formed DynChlp Corporation, a designer of FPGAs, I am currently 

i 

Chairman of the Board of DynChlp Corporation. I have obtained over my career more than 50 
patents, probably closer to 60, most of which are on semiconductor device atruotures and some 
circuits. 

In Jorder to compare the attributes and properties of the Mori EEPROM cell described in 
U.S. patent 5,071,782 to the Vora EEPROM cell described In my patent application aerial 
number 08/654,760, filed 5/29/96, I have done layouts of both cells using industry standard 
design rules and compared the cell size and array density for both cells. Exhibit A, page 1, 
attached, contains two tables that give the results of the comparison. The top table on page 1 
gives the Mori and Vora cell sizes In square microns for one micron design rules in column 1 
and, in column 2, the same cell sizes for 0.3S micron design rules. 

The design rules used used in this study are given in Exhibit A, page 2. These design 
rules are Industry standard and comprise a composite of the design rulee used throughout the 
MOS Integrated circuit industry. Each design rule is given a name or label aa shown in the 
rightmost column on page 2* 

The Mori cell layout using 1 micron design ruled i& shown on page 3 of Exhibit A v and the 
various design rules used to define each dimension are labeled on the layout of page 3 with the 
design rule name with a leader line to the dimension it defines. 



The Vora cell layout using 1 micron design rules is shown In page 4 of Exhibit A. and the 
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various design rulea used to define each dimension are labeled on the layout of page 4 with the 
design rule name with a leader line to the dimension it defines. 

The Mori cell layout using 0.3S micron design rules Is shown on page 5 of Exhibit A. 
The various dimensions are established by the same design rules as labelled in the 1 mieron 
design rule Mori cell layout on page 3, but the values are different and are as established by the 
0.36 micron design rule values given In the table on page 2. 

The Vora cell layout using 0,35 micron design rules is shown on page 6 of Exhibit A. The 
various dimensions are established by the same design rules as labelled in the 1 mieron design 
rule Vora cell layout on page 4, but the values are different and are as established by the 0.35 
micron design rule values given in the table on page 2. 

The Mori cell used in this study was the eontactless eel! shown in Figures 1a and 1b of 

his 782 patent having a buried source 32 brought to the surface at the end of the row at contact 

j 

hole 32fl( and having a drain/bit line 34 formed in the substrate with a surface of the drain/bit 
line coincident with the surface of the substrate and with contact to the bit line 34 at the end of 
the row at contact window 34a. A floating gate PQ formed from the poly 1 layer which Is not self 
aligned ^as used in the layout. The floating gate of Mori requires a separate mask and separate 
alignment tolerances for the following reason. Mori's floating gate la formed by depositing poly 

1 after th© trenches are formed. After the poly 1 deposition, poly 1 covers the entire chip. If 

! 

the sam^ mask was used to define the floating gate on the poly 1 layer as is uaed to define the 

i 

word line on the poly 2 layer, the poly 1 layer would be continuous between adjacent cells and 
would sl|kort them out rendering the array useless. Therefore, a separate mask Is used to define 
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the llmitt 
mask for 
POLY 2 



of the poly 1 floating gate after poly 1 deposition and before poly % d position. This 
the floating gate requires alignment tolerances to the trench defined by design rule 
4 + POLY 2-3. The maak tor the floating gate also requires alignment tolerance* to the 

edge of (he buried source bit line defined by design rule POLY 1-4. 

i 

i 

li^ contrast, none of these alignment tolerances defined by POLY 2-4 + POLY 2-3 or 
POLY 1-i is needed in the Vora cell because a mask la not used to form the floating gate in the 
Vora eelll Basically, In the Vora cell, a poly 0 layer Is laid down after formation of the 

trenches^ and then etched back to remove all horizontal components of poly 0 from the bottom of 

i 

the trenches and any horizontal components at the top of the trenches, Because no mask Is used 
for this, no alignment tolerances or wasted space is necessary in the Vora oell. 

i 

T\w Mori call also uses an Isolation barrier 15 between the buried source layer which 
te not u*fd in the Vora cell thereby eliminating the alignment tolerances defined by design rules 
ISO-1 and ISO*. Burled source layers in the Mori cell ot adjacent rows each need te be spaced 

from the [Isolation barrier 15 by a distance equal to design rule ISO-1. 

i ■ 
i 

i 

Inj contrast, the Vora cell does not use buried layer sources as the entire substrate has a 

i 

doped layer which is grounded and serves as the source. Therefore, the wasted space defined by 
design rul«s ISO-1 and ISO-2 in the Mori cell Is not wasted In the Vera oell. 

I 

All theaa structural differences between the Vora cell and the Mori cell result in 
substantial saving of chip area and much greater density for the Vora cell. The table of page 1 of 
Exhibit A shews that the Vora cell Is slightly more than 3 times smaller than the Mori cell at 1 
Dad of Mpdu Vora 1.132 
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micron df sign rules and about 4.5 times smaller than th M rl c II at 0.36 micron design rules. 
These ee|l size differences result In an array density of 11.9 megabits per one square 
centimeter die size for the Vora cell at 1 micron and 69,44 megabits per square centimeter die 
at 0.3S. in contrast, the Mori cell has a density of 3.S7 megabits/sq. cm. at 1 micron 

i 

(approxlnjently 1/3 as dense as the Vora cell), and 15.55 megabits/sq. cm. at 0.35 microns 

i 

(approximately 1/4 as dense as the Vora cell). 

i 

These substantial Improvements arise from the use of a self aligned floating gate In the 
vora cell and the elimination of the extra spacing between the burled source layers and the 

Isolation barrier and the elimination of the trench to floating gate alignment tolerances in the 

i 

Vora cell Which need to be present In the Mori cell because of his lack of a self aligned floating 

i 

gate. ! 

i 
t 

I 
i 




Dated; June 9, 1998 

; Madhultar Vera u 

i 

I hereby Aertify that this correspondence Is being deposited with the United States Postal 
Service afi First Class Mall, postage prepaid, in an envelope addressed to: Commissioner of 
Patents and Trademarks. Washington, D.C. 20231 
on \9n 
(Dat^ of Deposit) 



Ranald Craig Fish, President 
Ranald Craig Rsh, a Law Corporation 
S Reg. No. 28,843 
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Cell Area in SQ. UM 




1.0 UM Design Rules 


0.35 UM Design Rules 


Mori Patent 


28 


6.44 


Vora Patent 


8.4 


1.44 




Memory Density in Mega Bits per sq.cm 




1.0 UM Design Rules 


0.35 UM Design Rules 


Mori Patent 


3.57 


15.55 


Vora Patent 


11.9 


69.44 



EXH. A, p.1 
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EXH. A, p. 2 



MORI CELL LAYOUT BY MAD H U VORA 6/4/98 



1 UM DESIGN RULES 



CELL AREA = 7 X 4 UM 
= 28 SQ. UM 



SCALE 



BURRED SOURCE BIT LINE 



POLY2-1 
POLY1-1 




BL-2 AND N+-2 



POLY2-2 



N+ DRAIN BIT LINE 
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VORA CELL LAYOUT BY MADHU VORA 6/4/98 
1 UM DESIGN RULES 



SCALE 



5 DIV. = 1 MICRON 

CELL AREA = 3 X 2.8 UM 
= 8.4 SQ. UM. 



iELL HEIGHT = 2.8UM 



POLY2-2 



5 UM 

CELL WIDTH = 3.0 UM 



□ 




POLY-1 




TRENCH 





I II I 

□ 






^ □ 


□ 
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POLY2-1 to * / \ H \ 

POLY1-2 \ POLY1-1 
POLY2-3 TR-3 



POLY -2 
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0.35UM DESIGN RULES 
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SCALE 



CELL WIDTH = 1.2 UM 



CELL AREA = 1.44 UM 



I 1 UM 
POLY-1 



CELL HEIGHT = 1.2UM 





POLY-2 
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